Basing on the commercial software JMAG-Studio, we have developed a program in which
Introduction
Both high linear density and track density are crucial for obtaining high areal density in perpendicular magnetic recording.
In the down-track direction, a high gradient head field distribution and media with high-slope hysteresis loops are essential conditions to obtain sharp magnetization transitions1).
On the other hand, in the cross-track direction, a side-shield head structure has been proposed to reduce the track width2). To gain an understanding of the factors that influence the recorded track width, it is necessary to quantitatively investigate the recorded magnetization in the cross-track direction.
In this paper, we have extended the commercial 3D
FEM software JMAG-Studio to calculate the magnetization of the recording layer in three dimensions3). The statistical mean value of magnetization was calculated and the interaction between head and media can be considered4).The magnetic spacing, side-shielded head structure, the easy axis dispertion and exchange coupling of media, which were all considered to be factors that could influence the track width were investigated.
Calculation method
In the FEM calculation, soft magnetic materials such as the main pole, under layer and side shields were modeled by the parameters of saturation flux density and permeability. Using the user subroutine of JMAGStudio, we introduced the recording layer into the calculation. The magnetic particles of the media were assumed to reverse their magnetization by the curling mode representing incoherent spin-reversal4), and the media mesh was assumed to be an assembly of magnetic particles for which the anisotropy fields and easy axes were assumed to obey a normal distribution. Fig.1 shows the general flow chart of JMAG-Studio combined with the media magnetization calculation.
User subroutines were used to carry out the magnetization calculation, as shown in Fig.1 Table. 1 is assumed to be the dynamic coercivity. Exchange coupling in the media was taken into account using the mean field method5), a was the ratio of mean field to anisotropy field. Fig.9 shows the cross-track section and dimensions of the side-shielded head structure. The thickness of the shields and the gap between the shields and the main pole were 20 nm and 30 nm, respectively. Due to the absorbable effect of the side shields a sharp field distribution in the cross-track direction was predicted.
Head field
Head fields were calculated for three cases, case 1-3 shown in Table. 2. The magneto motive force (MMF) was adjusted to give almost the same peak field in each case. Fig.10 and Fig.11 show a comparison of the field distributions in the down-track direction and cross- Table  1 The parameters used in the calculation. In the cross-track direction, the field distribution of case 3 is the sharpest due to the effect of the side shields. Fig.12 shows an isolated magnetization transition recorded by a regular head with a spacing of 10 nm, i.e.
Magnetization
the case 1 as shown in Table. 2. The initial state of the medium was assumed to be AC demagnetized. Taking advantage of the symmetry of the head structure about A-A', as shown in Fig.9 , only a half of the track was calculated.
The magnetization below the main pole was saturate because the main pole was still energized. The magnetization was larger at the track edge than in the track center due to the demagnetization effect.
Isolated magnetization transitions for 5 cases were calculated and compared as shown in Table. 2. Fig.13 shows a comparison of the magnetization transition along the track center. To express the transition width, X50 was measured which was defined as the distance between the 50% values of positive and negative magnetization. X50 was 19.1 nm, 15.8 nm, 18.8 nm, 13.6 nm, 18.7 nm for cases 1 to 5, respectively. In case 1-3, case 2 had the sharpest transition among the media without exchange coupling due to the large head field gradient and strong head media interaction. The sharpness of the transitions for cases 1 and 3 were almost the same due to the similar head field distribution in the downtrack direction. When the mean field coefficient a was introduced into the calculation, the residual magnetization increased because of the larger squareness ratio of the hysteresis loop, and the transition of this case was even sharper than case 2. When the easy axis dispertion was decreased to 10 degree in case 5, the transition width only had a slight decrease-than case 1. with a 5 nm spacing (case 2), demonstrating the importance of spacing in double-layered perpendicular media. When the easy axis dispersion was decreased to 10 degree in case 5, the track width only had a slight decrease than case 1. When exchange coupled medium was used in case 4, the track width increased significantly. Strong exchange coupling resulted in a large cluster size, therefore a wide track width was recorded. Because the exchange coupling was modeled by mean-field coefficient, and the magnetization was dealt with by a mean value in this calculation, the obtained track width here can be understood as a mean value of track width as shown in the MFM images6).
Conclusion
In order to study track edge phenomena in perpendicular magnetic recording by computer simulation, a magnetization calculation was introduced into a 3D FEM simulation. Methods to reduce the track width were investigated. Decreasing the magnetic spacing improved the recording resolution in both the down-track and cross-track directions. A side-shielded head structure was also an effective way to decrease the track width. Using strongly exchange coupled media increased track width. With small easy axsi dispersion media could both decrease the transition width and track width, but the effect was slight.
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